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(54) ArF excimer laser device 

(57) There is provided an ArF excimer laser device 
for perfonrting an oscillating operation with a repetition 
rate of more than 3 kHz and an oscillating laser pulse 
width Tis of more than 30 ns. The laser operation is car- 
ried out in a start half-period of an electrical discharge 
oscillating current waveform of a pulse of reveised 
polarity generated by a high voltage pulse generating 



device and in at least two subsequent half-periods. The 
pressure of the laser gas in the laser chamber is 2.5 to 
3.5 aim, the fluorine concentration is 0.12% or less, and 
the argon gas concentration 3% or less. As a result, the 
laser pulse width Tis can be set to more than SO ns. 
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D scription 

BACKGROUND OF THE INVENTION 

T..Fteld oi |he Invention 5 

[0001] This invention relates to an ArF excimer 
laser device for exposure, and more particularJy an ArF 
exdmer laser device for exposure in which a laser oper- 
ation having a long laser pulse width is carried out. io 

2. Description of the Related Art 

[0002) In order to obtain a fine formation and a high 
degree of Integration of a semiconductor Integrated cir- 15 
cuit It is necessary to Improve the high-resolution 
capacity in a projection-type exposure device. Accord- 
ingly, a short wavelength of exposure light radiated from 
a light source for exposure was promoted, and an ArF 
excimer laser device has effectively been applied as a 20 
next-generation semiconductor exposure light source. 
[0003] In the ArF excimer laser device* an electrical 
discharge is generated within the laser chamber in 
which laser gas, a gas mixture comprised of rare gases 
such as argon (Ar) gas and neon (Ne) acting as a buffer -ss 
gas and fluorine (F2) gas or the like, Is hermetically 
enclosed at several 1 00 kPa, 9nd the laser gas acting as 
laser medium is exerted. 

[0004] Since the spectral width of the laser beam in 
the ArF excimer laser device is wide enough to have a 30 
value of about 400 pm, it becomes necessary to obtain 
a narrow band formation of the spectral width of less 
than 1 pm In order to avoid the problem of a chromatic 
aberration in the projection optteal system of the expo- 
sure device. The narrow band formation of the spectral 3s 
line width is realized, for example, by an^nging a narrow 
band formation optical system comprised of a beam 
enlargement prism and a refraction grating within the 
laser resonator. 

[0005] However, the ArF excimer laser device is 40 
made such that the main oscillating wavelength is 193.3 
nm which is shorter than the main oscillating wave- 
length of 24B nm of a KrF excimer faser device which Is 
presently commonly used as a light source for expo- 
sure. Due to this fact, damage to the crystal acting as ^5 
the glass material used in a projection lens system of 
the exposure device such as a stepper and the iil<e is 
high as compared with when a KrF excimer laser device 
Is used and so the problem of a short lifetime of the lens 
system arises. so 
[0006] There are generally two types of crystal 
damage, nanriety. the fomnatlon of a colored spot caused 
by absorption of two photons and a connpaction (an 
Increased refractive index). The former may become 
apparent In the reduction of the transmission factor, the ss 
tatter in a reduction of the resolution of the lens system. 
This influence Is Inverse proportional to the laser pulse 
width Tis defined by the following equation, provided 



that the energy of the laser pulse Is kept constant: 

TK = (jT(t)dt)^/i(T(t))^dt (1) 

where T(t) is the time-dependent laser shape. 
[0007] In the following, the definition of this laser 
pulse width Tts will be described. If it is assumed that 
the damage of the optical element is generated by 
absorption of two photons, the damage is proportional 
to the square of the intensity, so that a damage D accu- 
mulated per one pulse is given by the following equa- 
tion: 

D = k}(P(t))^dt (2) 

where k is a material constant and P(t) Is the time- 
dependerrt laser Intensity (MW)« 
[0008] The laser Intensity P(t) can be divided into 
time and energy according to the following equation: 

P(t)=l*T(tVjT(r)df (3) 

where I is the energy (mJ) and T(t) is the time-depend- 
ent laser shape. 

[0009] When P(t) is integrated on a time-basis to 
obtain I and In case an ArF excimer laser (to be 
described later) Is used for exposure the value of I Is 5 
mJ, 

[0010] In this case, when the equation (3) Is com- 
bined with the equation (2), the damage D Is expressed 
by the following equation: 

D k • I ^I(T(t)/fT(f )dr) ^ dt (4) 
= k-I^J(T(t))^dt/(fT(l)dt)'' 

Combination with equation (1) leads to 

D=k-l^/n8 (5) 

[0011] From this equation (5), since k*l^ is kept 
constant (i is kept constant), the pulse width Tis in 
reverse proportion to the damage D is defined by the 
equation (1). 

[0012] This laser pulse width may reflect an actual 
pulse width, and when the pulse width Is kept the same, 
the value of Tis is extended until it approximately has a 
rectangular shape. 

[0013] The narrow band Ari=^ excimer laser device 
for exposure that is now available on the market is gen- 
erally applied such that the repetition rate of the osclllat- 
Ing operation (hereinafter called a repetition rate) is 1 
kHz and the laser beam output is 5 W. It is necessary to 
obtain a laser pulse width Tis of 30 ns or more in order 
to avoid ctemage to the optical system installed in th 
exposure device. 

[0014] As described above, In order to reduce the 
damage to the optical system. It Is required to extend 
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the laser pulse width Tls (long pulse generation), 
although this I ng pulse generation is also required in 
view of the following points. 

[0015] In the projection exposure device, the reso- 
lution R of a projected image projected onto a work- 
piece, such as a wafer coated with a photoresist, 
through a projection lens and the focusing depth DOF 
are expressed by the following equations: 



R = k1 • X/NA 



DOF = k2-X/(NA)' 



(6) 
(7) 



where k1 and k2 are coefficients reflecting characteris- 
tics of the resist and the like, k Is the wavelength of the 
exposure light radiated from ttie exposure light source 
and NA is the number of apertures. 
[0016] In order to improve the resolution R, as 
apparent from the equation (6), the wavelength of the 
exposure light has to be short and a high NA value is 
desirable, although correspondingly, as indicated in the 
equation (7), the focusing depth DOF is reduced. Due to 
this fact, since the chromatic aberration is strongly influ- 
enced, it is necessary to narrow the spectral line width 
of the exposure- light. That Is, it is further required to 
achieve a narrower band formation ot the spectral line 
width of the laser light radiated from the ArF excimer 
laser device. 

[0017] Proc.SPIE Vol,3679 (1999) 1030 to 1037 
describes that when the laser pulse width is extended 
the spectral line width of the laser beam is narrowed, 
and actually the experiments performed by the present 
Inventor proved this fact That is, in order to improve the 
resolution R, It Is further required to nan-ow the band for- 
mation of the spectra! line width of the laser beam and 
so it is required to have a long puise generation of the 
laser puise width. 

[0016] As described above, in order to avoid dam- 
age to the optical system of the exposure device and 
improve the resolution, it has been required to ensure a 
long pulse generation of the laser ptilse width Tls. It is 
well known In the art that the laser pulse width Tis is 
dependent on the fluorine gas concentration in the laser 
gas enclosed in the laser chamber (see Proc. SPIE 
VoL3679 (1999) 1030 to 1037 mentioned above) and so 
the concentration of fluorine gas Is adjusted to enable 
the laser pulse width Tls to attain a long pulse genera- 
tion with Tis s 30 ns. 

RUr^MARV O PTHF INVENTION 



[001 9J in recent years, there has been a demand for 
a high repetition rate with regard to the ArF excimer 
laser devtee which is strongly demanded as a light 
source for next-generation semiconductor exposure 
applications in order to accomplish a high through-put 
during exposure proc ssing. The present Inventor has 
developed an ArF excimer laser device for exposure 



whfch can be operated with a repetition rate of more 
than 3 kHz In order to serve the mentioned demand. 
[0020] The concentration of fluorine gas in the laser 
gas enclosed in the laser chamber was changed in 
5 order t attain a laser pulse width Tis satisfying the rela- 
tion of Tis ^ 30 ns. As long as the repetition rate did not 
exceed 2 kHz, the long pulse generation could be 
attained by adjusting ttie concentration of fluorine gas in 
the Jaser gas to attain a relation of Tis ^ 30 ns. However, 
10 in the case that the repetition rate exceeded 2 kHz (for 
example, 3 kHz), whatever concentration of fluorine gas 
in the laser gas was used it was not possible to attain a 
long pulse generation fulfilling the relation of Tis > 30 ns. 
[0021] The present invention has been invented in 
15 view of the problems of the prior art, and it is an object 
of the invention to provide an ArF excimer laser device 
for exposure in which the laser pulse width is 30 ns or 
more even in case the repetition rate exceeds 3 kHz. 
[0022] The present inventor particulariy investi- 
20 gated the argon gas in gases constituting the laser gas 
enclosed in the laser chamber, and, as a result of con- 
tinuous investigations, discovered that when the ArF 
excimer laser device is operated with a repetition rate of 
3 kHz or more, the laser pulse width Tis Is dependent on 
25 the concentration of the argon gas. 

[0023] Irt addition, it has been found that In the cas 
of repetition rates of 2 kHz or less, the laser pulse width 
Tis Is not dependent on the concentration of argon gas. 
[0024] The repetition rate in the prior art ArF exci- 
30 mer laser devices usually available on the martcet was 
mainly 1 kHz and the repetition rate realized by the ArF 
excimer laser devices available in research institutes 
was about 2 kHz. Due to this fact, as described ab ve, 
the dependency of the argon gas concentration on the 
35 laser pulse width Tis was not discovered resulting in that 
only the concentration of fluorine gas was adjusted. 
[0025] The present inventor discovered that, con- 
trary to the prior art approach, a laser pulse width Tis of 
at least 30 ns could be realized with a repetition rate 
40 exceeding 3 kHz by employing a new approach ot 
acfjustlngthe concentration of argon gas, 
[0026] That is, the ArF excimer laser device for 
exposure of the present invention which solves the 
aforesaid object is comprised of a laser chamber filled 
45 with a laser gas composed of fluorine gas. argon gas 
and at least one rare gas other than argon gas and a 
high voltage pulse generating device for generating a 
high voltage pulse electrical discharge within the laser 
chamber, exciting said laser gas and discharging laser 
so beams so as to pertbmn a quickly repeated oscillating 
operation of more than 3 kHz. The laser operation is 
carried out in a half-period for starling an electrical dis- 
charge oscillating cun^nt waveform of a pulse of 
reversed polarity generated by said high voltage pulse 
55 generating device and at least two subsequent half- 
periods. The pressure of said las r gas in the laser 
chamber is 2.5 to 3.5 atm; the fluorine concentration of 
said lasergas is at most 0.12%; and the argon gas con- 
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centration of said laser gas is from 2% to 3%. 
[0027] As regards the percentages giv ninconnec* 
tion with th gas concentratione. if not stated othenvise, 
these are generally in vol.-%. 

[0028] In addition, it is preferred that the rare gas 5 
other than argon gas Is a gas mixture containing neon 
gas and xenon gas» the concentration of xenon gas 
beings to 15 ppm, 

[0029] In the present invention, a laser operation is 
carried out in a start half-period of an electrical dis- io 
charge oscillating current waveform of a pulse of 
reversed polarity generated by the high vottage pulse 
generating device and in at least two subsequent haff- 
periods. The pressure of the laser gas in the laser 
chamber is 2.5 to 3.6 atm, the fluorine concentration of is 
the laser gas is 0.12% or less, and the argon gas con- 
centration in the laser gas is between 2% and 3%. As a 
result, it is possible to realize an ArF excinier laser 
device for exposure with a laser pulse width Tis of 30 ns 
or more even if the repetition rate is 3 kHz or more, so 
Here, the concentration of argon gas is the partial pres- 
sure of the argon gas relative to the pressure within the 
laser chamber. 

[0030] As apparent from the foregoing description, 
the ArF excimer laser device of the present invention is zs 
constituted such that the laser operation is carried out in 
the first half period of the electrical discharge osdiiatlng 
current waveform of a pulse having a reversed polarity 
generated by the high voltage pulse generating device 
and in two subsequent half-periods, wherein the pres- 3o 
sure of the laser gas in the laser chamber Is set to 2.5 to 
3.5 atm, the fluorine concentration of the laser gas is 
0.12% or less and the argon gas concentration of the 
laser gas Is 3% or less, whereby it is possible to realize 
an ArF excimer laser device for exposure with a laser 3S 
puise width Tis of 3D ns or more even if the repetition 
rate is 3 kHz or more. 

[0031] In addition, if the argon gas concentration is 
2% or more, it is possible to set the energy per pulse to 
a value higher than 5 mJ, which Is desirable in view of 40 
the perionnance of the exposure device and the per- 
formance of the resist coated onto a wafer. 
[0032] Further, if the rare gas other than argon gas 
is a gas mixture containing neon gas and xenon gas. 
and the xenon gas concentration is 5 to 15 ppm, it is 45 
possible to expand the range of argon gas concentra- 
tion to where the laser output energy per pulse is at 
least 5 mJ. 

BRIEF DESCRIPTION OF THE DRAWINGS so 
[0033] 

Fig.1 Is a schematic illustrating an example of the 

constitution of the ArF excimer laser device of the ss 
present Inventi n. 

Fig.2 shows schematically a relation between the 
oscillating electrical discharg current and a laser 



operation of the ArF excimer laser device of the 
present invention. 

Rg.3 Is a view showing the relation between the 
laser pulse width and the argon gas concentration 
within the laser chamber and the laser ou^ut 
energy per pulse for a pressure in the laser cham- 
ber of 3,5 atm. 

Fig.4a Is a graph of the electrical discharge current 
flowing between discharge electrodes over the 
time. 

Fig.4b shows a curve of the light Intensity of a laser 
pulse measured with a waveform sensing means 
versus time for one example of the present inven- 
tion. 

Fig.5 depicts the relation between a laser pulse 
width and the laser output energy per pulse versus 
the argon gas cqncentration In the laser chamber in 
the case that the pressure within the laser chamber 
Is 2.5 atm. 

Rg.6 shows the relation between a laser pulse 
width and the laser output energy per pulse versus 
the argon gas concentration in the case that xenon 
gas is added in the laser chamber. 

DESCRIPTION OF THE PREFERRED EMBOD I- 
MENTS 

[0034] Referring now to a preferred embodiment of 
the present Invention, an ArF excimer laser device for 
optical exposure will be described. 
[0035] Rg.1 illustrates an example of the constltu- 
tion of the ArF excimer laser device for optical exposure 
of the present invention. In this figure, a laser chamber 
1 is provided at both ends with windows, and laser gas 
consisting of a gas mixture comprised of fluorine gas, 
argon gas and buffer gas (for example, neon gas) is 
encapsulated in this chamber. 

[0036] A pair of opposed discharge electrodes 2 
spaced apart by a predetermined distance are arranged 
within the laser chamber 1. A high voltage pulse is 
applied from a high vottage putse generator 3 to gener- 
ate an electrical discharge between the discharge elec- 
trodes 2, whereby the laser gas as the laser medium is 
excited. 

[0037] The laser gas Is circulated within the laser 
chamber 1 tiy a fen 4 installed within the laser chamber 
1. 

[0038] Since, due to this circulation of the laser gas, 
the laser gas between the discharge electrodes 2 is 
replaced by fresh gas after a first electrical discharge 
and before a subsequent eiectrical discharge is gener- 
ated, the subsequent electrical discharge Is stable. The 
present inventor improved the laser gas circulation 
means of the laser chamber 1 and the shape of the fan 
4 and so on and realized a repetition rate of 3 kHz or 
more. 

[0039] One end part of the laser chamber 1 is pro- 
vided with a narrow band m dul 5 having a narrow 
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band optical system for generating a narrow band ot the 
spectral width of the laser beam. The narrow band form- 
ing optical system is constituted, for example, by a 
beam diameter enlargement optical system comprised 
of at least one prism and a retro-type arranged reflec- 5 
th/e-type retraction grating. The other end of the laser 
chamber 1 is provided with an output minror 6. The laser 
resonator is defined by this output mirror 6 and the nar- 
row band forming optical system installed in the narrow 
band module 5. to 
[O040] A part of the ArF excimer laser light emitted 
through the output min-or 6 Is branched off by a beam 
sampler 7 and guided to a waveform sensing means 8 
for measuring the time-dependent waveform of the laser 
beam. The waveform sensing means 8 is provided with is 
a photodiode or a photomultiplter. for example, as an 
opto-electronlc conversion means. The wraiveform data 
attained t>y the waveform sensing means 8 is sent to a 
pulse width calculation means 9. The pulse width calcu- 
lation means 9 calculates the laser pulse width TIs in 20 
accortlance with the aforesaid equation (1) in response 
to the pulse width data received. 
[Q041] In the present invention, a long pulse gener- 
ation is realized by optimizing the circuit constant of the 
high voltage pulse generator so as to shorten the period ss 
of the oscillating current and increase the peak value of 
the oscillating cunrent between the discharge elec- 
trodes. That is. as shown in the waveform In Fig.2, a 
long pulse generation is attained by optimizing the cir- 
cuit constant of the high voltage pulse generator so as 30 
to shorten tiie period of the oscillating current and 
increase the peak value of the oscillating current. By 
this measure, the laser gas is excited In an Initial 1/2 
period of the oscillating cunent as well as in at least two 
following 1/2 periods, and the laser operation is carried 35 
out continuously. 

[0042] In the ArF excirner laser device shown In 
Fig.1 , the relation between the laser pulse width Tis and 
the argon gas concentration within the laser chamber 1 
and the laser output energy per 1 pulse was investl- 40 
gated while keeping the repetition rate at 3 kHz. the 
pressure within the laser chamber 1 at 3.6 atm (approx- 
imately 350 kPa), the fluorine concentration at 0.09% 
and using neon as the buffer gas. This yielded the 
results shown in Flg.3. 

[0043] As apparent from the results shown In Fig.3» 
In the case tfiat the repetition rate is 3 kHz and the pres- 
sure of the laser gas within the laser chamber Is 3.5 
atm, when the argon gas concentration Is Increased the 
laser pulse width Tis is shortened. The reason for this so 
ptienomenon consists In the fact that if the repetition 
rate Is increased to 3 kHz or more, the electrical dis- 
charge becomes unstable by an occurrence of residual 
discharge products such as Ar ions and by an occur- 
r nee of a current concentration caused by the ioniza- ss 
tion of Ar. A spatial concentration of the electrical 
discharge occurs from a uniform electrical discharge in 
the latter half segment of tt^e puis excitation to prevent 



the required uniform excitation from being efficiently 
carried out. Accordingly, in order to attain a laser pulse 
width Tis (Tis S 30 ns) of 30 ns or more, it is necessary 
to set the argon concentration to 3% or less. Further, 
the pressure within the laser chamber 1 corresponds to 
a value attained when the gas temperature is 25 ^'C. 
[0044] With reference to the results shown in Fig.3. 
It is apparent that when the argon gas concentrati n is 
decreased, the laser output energy is also decreased. 
The reason why this phenomenon occurs consists in 
the fact that with the argon gas concentration being 
decreased the amount of excimers to be excited is 
reduced. Since the energy of the beam per pulse dis- 
charged by the narmw band ArF excimer laser device 
for exposure is preferably about 5 nriJ in view of the per- 
formance of the exposure device and the performance 
of resist coated on the wafer, if the argon concentration 
becomes less than 2%, the laser pulse width Tis in the 
case shown in Fig.3 is still Tis s 30 ns, however, the 
energy per pulse falls below 5 mJ. Accordingly, It Is 
desirable that the argon gas concentration within the 
laser chamber 1 is set to 2% or more. Further, in the 
case shown in Rg.3. if the argon gas concentration is 
exceeds about 3%. the laser output energy starts to 
decrease. The reason why this phenomenon occurs 
consists in the fact that when the argon gas concentra- 
tion is Increased as described above, the laser pulse 
width Tis becomes short. 

[0045] Fig.4(a) and Fig. 4(b) show one example in 
which the electrical discharge current flowing betvveen 
the discharge electrodes 2 (Fig.4{a)) and the time- 
dependent laser pulse waveform measured with the 
waveform sensing means 8 {Fig.4(b)) are compared to 
each other when the argon gas concentration within the 
laser chamber 1 is set to 2.5% under the aforesaid c n- 
dltlons. in this example, the value of the laser pulse 
width Tis calculated by the pulse width calculating 
"means 9 was 46 ns. 

[0046] The result shown in Rg.4 indicates that the 
laser gas Is excited In the first 1/2 period of the osdilat- 
ing current flowing between the discharge electrodes 2 
while an electrical discharge Is perfomied and the sub- 
sequent two 1/2 periods (In particular, the excitation Is 
carried out in the first 1/2 period and the third 1/2p riod) 
and the argon gas concentraHon is set to 2.6% (being 
3% or less) to attain a long pulse generation with Tis 
being appmximately 46 ns. 

[0047] Fig.5 indicates the results obtained when 
investigating the relation between the laser pulse width 
Tis and the argon gas concentration within the laser 
chamber 1 and the laser output energy per pulse under 
conditions for the repetition rate, the fluorine concentra- 
tion and buffer gas which conespond to those indicated 
With reference to Rg,3. Only the pressure within the 
laser chamber 1 is set to 2.5 atm (approximately 250 
kPa). It has been found that, when the argon gas c n- 
centration is set to be 3% or less, even under this condi- 
tion the las r pulse width Tis can be set to fulfill the 
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relation of Tis s 30ns. 

[0048] Further, in the case that the argon gas con- 
centration is between 2 and 3%, it is desirable that the 
pressure within the laser channber 1 rs about 2.5 to 3.5 
atm (approximatefy 300 to 400 kPa). The reason why s 
this value is set as described above consists in the fact 
that it is hard to set the energy per pulse to a value of 5 
nr>J or more when the pressure within the laser chamber 
1 is lower than 2.5 atnn, and, in turn, if the pressure 
within the laser chamber 1 exceeds 3.5 atm, the imped- io 
ance within the electrical discharge region is increased 
so that the discharge state can hardly be kept and a sta- 
ble electrical discharge excitation for a long period of 
time becomes diffk:ult and, consequently, a laser pulse 
width Tis of ^ 30ns cannot be attained. is 
[(K>49] in addition, it is desirable that the fluorine 
gas concentration is 0.12% or less. The reason consists 
In the fact that if the fluorine gas concentration Is higher 
than 0.12% the fluorine attaches electrons and causes 
a non-unifonn electron density distribution within the 20 
laser gas even if the argon concentration is set to be 
less than 3%. As a result, a laser pulse width Tis with 
Tls ^ 30ns cannot be realized. 

[0050] Further, although an example was described 
in which neon is applied as the buffer gas in the afore- ss 
said preferred embodiment, the present invention is not 
limited to this gas but inert gases other than neon can 
be used in the mixture. Fig.6 indicates the result of 
investigating the relation between tfie laser pulse width 
Tis and the laser output energy per pulse with reference 30 
to the ergon gas concentration within the laser chamber 
1 under a condition in which xenon (Xe) is added at 10 
ppm in addition to neon applied as the buffer gas. The 
repetition rate is 3 kHz, the pressure within the laser 
chamber 1 is 3,5 atm (approximately 350 kPa) and the 3S 
fluorine concentration is 0.09%. For sake of compari- 
son, the results shown in Fig.3 having only neon as the 
buffer ^s,are also Indicated (by a dotted line) in Fig.6, 
[0051] Although the relation between the argon gas 
conce ntration and the laser pulse width Tls has scarcely 40 
changed through addition of the xenon gas at 10 ppm, 
the laser output energy per putse is increased as com- 
pared with the case when xenon was not added. Action 
of this added xenon alms to promote the preionization 
caused by ultraviolet radiation produced from the pre- 45 
liminary discharge electrodes (not shown) arranged 
near tiie electncal discharge space between the dis- 
charge electrodes within the laser chamber 1 . In this 
way, addition of xenon to the buffer gas causes an 
expansion of the argon gas concentration range in so 
which the laser output energy per pulse is not lower 
than the 5 mJ desired with regard to the exposure con- 
ditions in the exposure device and the photoresist and 
the like. 

[0052] In this case, It is desired that ttie coocentra- 55 

ti n of xenon gas to be added is in a range of 5 to 16 
ppm. The reason why this value Is set to this range con- 
sists in the fact that the experiments performed by the 



present inventor showed that If th concentration of 
X non gas is set to be lower than 5 ppm, there is hardly 
any effect of increasing the laser output energy per 
pulse and, in turn, if the xenon gas concentration is 
increased to more than 15 ppm, the laser output energy 
per pulse is decreased to lower than 5 mJ, 

[0053] As described above, regarding the present 
invention, the present inventor succeeded in realizing a 
narrow band ArF excimer laser device for long pulse 
generation with high repetition rates in which the repeti- 
tion rate is 3 kHz or more and the laser pulse width Tis 
is 30 ns or more by application of a new technology 
wherein the argon gas concentration is varied, contrary 
to the prior art wherein the fluorine concentration was 
acQusted within the laser chamber. 
[0054] Although the ArF excimer laser device for 
exposure of the present invention has been described 
with reference to some preferred embodiments, the 
present invention is not limited to these preferred 
embodirtients, but various kinds of modifications can be 
realized. For example, in the case that the energy of the 
laser beam per pulse emitted by the narrow band ArF 
excimer laser device for exposure is lower than 5 mJ 
due to the improved performance of the exposure 
device and the improved performance of the resist 
coated on a wafer, it is possible correspondingly t 
expand the set range of the argon gas concentration 
within the laser chamber over the lower limit of 2%. 
Briefly, It is satisfactory to merely chose the argon gas 
concentration relative to tiie required laser pulse width 
Tis and the laser output energy per pulse. 

Claims 

1 , An ArF excimer laser device for exposure compris- 
ing a laser chamber filled with a laser gases com- 
posed of fluorine gas, argon gas and at least one 
rare gas other than . argon gas and a high vplteige 
pulse generating device for generating a high volt- 
age pulse electrical discharge within the las r 
channber, exciting said laser gas and discharging 
laser beams so as to perform an oscillating opera- 
tion with a repetition rate of more than 3 kHz; 

wherein the laser operation is carried out in a 
start half-period of an electrical discharge oscillate 
Ing current waveform of a pulse witii reversed polar- 
ity generated by said high voltage pulse generating 
device and in at least two subsequent half-periods; 

wherein a pressure of said laser gas in the 
laser chamber is from 2.5 to 3.5 atm; 

wherein a concentration of the fluorine in 
said laser gas is 0.12% or less; and 

wherein a concentration of the argon gas in 
said laser gas is from 2% to 3%. 

2. An ArF excimer laser device for exposure acc rding 
to claim 1 , wherein the rare gas other than argon 
gas is a gas mixture containing neon gas and 
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xenon gas. 

An ArF exclmer laser device for exposure according 
to claim 2, wherein a concentration of said xenon 
gas is 5 to 15 ppm. 
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FIG. 2 
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TOTAL PRESSURE: 3.5 atm 
REPETITION RATE: 3 kUz 
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FIG. 4(b) 
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TOTAL PRESSURE: 2.5 atm 
REPETITION RATE: 3 kHz 
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FIG. 6 
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